Response of mitochondrial enzymes to decreased muscular activity. Am. J. Physiol. 225(6) : 1295 Physiol. 225(6) : -1299 Physiol. 225(6) : . 1973 . Previous studies have shown that mitochondria isolated from atrophic rat gastrocnemius muscles are deficient in respiratory control. The present study was designed to inquire into the nature of the deficiency. Disuse atrophy was produced by immobilization of the hindlimb by surgical pinning.
At various times after pinning, mitochondria were isolated from atrophic and contralateral control muscles. The yield of mitochondrial protein decreased throughout the course of atrophy. Concomitant decrease in the cytochrome oxidase and monoamine oxidase activities per total muscle homogenate suggested that there were fewer mitochondria in atrophic than in control muscles. The specific activities of monoamine oxidase and cytochrome oxidase in isolated mitochondria were unchanged, while the specific activity of malate dehydrogenase was diminished on the 1st day and decreased to 357, of control by the 15th day after immobilization.
The loss of malate dehydrogenase activity was probably not a reflection of permeability changes in the mitochondrial membranes since nicotinamide nucleotide, the Ca2+ levels, and NADH oxidation were not different from controls. The loss of a matrix enzyme with sparing of inner and outer membrane enzymes may be a reflection of different rates of turnover of these mitochondrial components.
The data support our hypothesis that a mitochondrial deficit is important in the progression of muscular atrophy. The specific activity of the mitochondrial NAD-specific isocitrate dehydrogenase was also decreased to 60 %-of the control value by the 10th day following limb immobilization (unpublished observation). To assess the possibility that loss of matrix enzymes was simply due to permeability changes of the mitochondrial membrane systems, the levels of calcium and of total nicotinamide nucleotides were determined. The content of mito- (Tables  1 and 2 ). In addition, mitochondria from atrophic muscles did not show increased oxidation of added NADH (unpublished observation).
DISCUSSION
The data presented in this paper are in agreement with our previous observation that mitochondria isolated from &used rat gastrocnemius muscles are deficient in functional activity (20) . Figure  1 shows that the amount of mitochondrial protein recovered from atrophic muscles is less than that obtained from controls. The decreased yield would reflect two possibilities : a) that there are actually fewer mitochondria in the atrophic myofiber, or b) that mitochondria in atrophic muscles are fragile and were disrupted during homogenization so that their sedimentation characteristics were altered.
The observed decrease in the total activity per muscle of monoamine oxidase ( Fig. 2) and of cytochrome oxidase (Fig. 3) 
